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Integrated Ultrasonic Transducer
Abstract
Ultrasonic transducers composed of integrated assemblies of double-diffused MOS transistors (DMOST)
and thin-film piezoelectric transducing elements are described. The entire transducer is built on a single-
crystal silicon wafer and offers a number of attractive features including: small size and correspondingly
precise localization of the sensitive element, a response that can be predicted by relatively simple theory, a
large bandwidth, and a possibility of producing arrays of sensors together with other signal-processing
elements in a single processing sequence. The piezoelectric film (zinc oxide) is sputtered either in the gate
region of a double-diffused H6S transistor (making the so-called "PI-MOST") or adjacent to the gate
electrode of a double-diffused MOS transistor. The transducer~ be excited in various ways: (1) in a thickness
mode from the bare silicon surface opposite the piezoelectric-coated region; (2) in a flexural mode caused by
bending the silicon wafer; (3) end excitation by surface motions either normal or transverse to the edge of the
wafer; (4) by surface waves. Various of these modes are characterized by high sensitivity to strain, low
conversion loss, large bandwidth, and good response at very low or very high frequencies.
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IHTEGRATED ULTRASONIC TRANSDUCER 
Sze-Hon Kwan, Richard H. White and Richard S. Muller 
Department of Electrical Engineering and Conputer Sciences 
and the Electronics Research Laboratory 
University of California, Berkeley g4720 
ABSTRACT 
Ultrasonic transducers composed of integrated assellOl ies of double-diffused MOS transistors (DI«)ST) 
and thin-f i lm piezoelectric transducing elements are described. The entire transducer is built on a 
single-crystal silicon wafer and offers a number of attractive features including: small size and 
correspondingly precise localization of the sensitive element, a response that can be predicted by 
relatively simple theory, a large bandwidth, and a possibility of producing arrays of sensors together 
with other signal-processing ele.ents in a single processing sequence. The piezoelectric film (zinc 
oxide) is sputtered either in the gate region of a double-diffused H6S transistor (making the so-called 
"PI-DHOST") or adjacent to the rte electrode of a double-diffused HOS transistor. The transducer~ 
be excited in various ways: 1 in a thickness mode from the bare silicon surface opposite the 
piezoelectric-coated region; ~2 in a flexural mode caused by bending the silicon wafer; {3) end excita-
tion by surface motions either normal or transverse to the edge of the wafer; (4) by surface waves. 
Various of these modes are characterized by high sensitivity to strain, low conversion loss, large band-
width, and good response at very low or very high frequencies. 
Overview 
Two different types of intetrated ultrasonic 
transducers are illustrated: tht piezoelectric-
insulator-gate double-diffused HOS transistor (PI-
DHOST) in which the piezoelectric material is 
located in the gate region of tht transistor; and 
a transducer in which a piezoelectric film with 
electrodes is connected to the 91te of an ordinary 
t«)S tr.,nsistor. Both t,ypes of transducer are 
highly sensitive and capable of being made quite 
small (strain sensitive regions about 1000 square 
microns in area have been made). The limiting 
frequencies of device operation for some modes 
of excitation can extend to the &Hz region. 
Transducer fabrication procedures are compatible 
with present silicon planar integrated-circuit 
teclmo logy. 
The figures below show the .odes of excita-
tion and responses observed. The PI-OMOST struc-
ture was used except where indicated otherwise. 
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Figure 1. Modes of excitation of the integrated 
transducer . (a) Flexural mode, useful 
pricnipally at low frequencies. 
(b) Thickness mode, in which the trans-
ducer is exc1 ted by motion of the sur-
face on which it is placed. Response 
to displacements either normal or trans-
verse to the surface may be observed. 
The silicon of which the transducer is 
made can serve as an integral wear 
plate for the transducer. (c) End 
excitation. with waves excited in the 
silicon by normal or tangential dis-
placements and passtng beyond the 
piezoelectric element of the transducer 
t o an absorber which prevents reflec-
tions. (d) Surface-acoustic wave (SAW) 
excitation, of interest principally in 
making a signal processor employing 
an array of transducers. 
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Figure 3. Transducer made with ZnO capacitor and 
dual-gate depletion~de double-diffused 
MOS transistor. The separation of the 
ZnO and the transistor allows individual 
optimization of both acoustic and 
electrical performance, and avoids the 
necessity of sputtering over the channel 
region of the transistor. The dua 1 gate 
structure of the 0-lllST allows one to 
vary gain of the dewice by changing the 
bias voltage applied to the second gate. 
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n 
cross-section (with exaggerated vertical 
scale) and (b) in a top view photograph 
of an actual device (area shown measures 
roughly 3 millimeters on a side). 
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Figure 4. Fl exural mode excitation. Mode used to 
verify responsiveness of a given device, 
typically with excitation at hundreds of 
Hz. 
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Figure 5. 
Figure 6. 
(a) (C) 
(b) 
(a) Device mount for shock-wave experiment. (b) ScheMatic of the experimental setup. 
(c) PI-DMOST response to a shock wave with an equivalent strain of 10-6 at the wavefront. 
(a) (b) 
Excitation of a PI-Ill'liST by displ acements resulting from breaking of glass capillary to 
simulate an acoustic emission event (the initial response was not photographed owing to 
trigger delay problem). 
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Figure 7. Experimental arrangement for excitation and detection of SAW with ZnO capacitor couoled to 
a dual-gate D-11JS transistor. Note that this sort of excitation could be used in making a 
signal processor. Also in either this mode or in end excitation mode one could use an array 
of transducer elements and transistors to perform signal processing the the transducer itself. 
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Figure 8. Responses obtained from arrangement of Fig. 7. Comparison with lOT response is made at 
46 MHZ and at 90 ltiz. 
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figure 9. Computed conversion efficiency for device of Fig. 3 responding to SAW excitation. Note that 
for end excitation with a bulk wave, the response extends to low frequencies. 
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